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(54) LUCIFERASE AND METHOD FOR ASSAYING INTRACELLULAR ATP BV USING THE SAME 

(57) The present invention relates io Jucilerase hav* 
ing resistance to a surfactant and a method for measur- 
ing intracellular ATP which is characterized m that the 
hjciferase having resistance to a surfactant is used in 
this meihod comprising the steps ol : a first step wherein 
ATP is extracted from cells in a sample; a second step 
wherein light emission is produced by adding a lumines- 
cence reagent containing lucilerase to the extracted 
ATP wMion; and a third step wherein the light emission 
ie measured. 
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Description 
Technical Field 

3 [0001] The present invention relates to novel luciierase having resistance to a surfactant, and a methoo tor measur- 
ing intracellular ATP using the same. 

Background Art 

it [0002] Intracellular ATP is routinely measured for determining the presence of cells in a sample or the number of 
calls in the fields of food sanhaiion, biology, clinical examinations medical science, ultrapure water, and environmental 
science, A general method for measuring intrscellulai ATP comprises the steps of adding an ATP extraction reagent 
containing a surfactant as an dleciive eomponem to a sample containing cells, extracting intracellular ATR adding a 
luminescence reagent containing luciierase imo the sample, and then measuring the total amouw of light emitted. 

is [0003] Lucrterase is an enzyme that catalyses luminescence reaction of lucrferin, which te a substrate, in the pres* 
once of ATP and magnesium ion. Luciierase used in a method for measuring intracellular ATP includes those derived 
from firefly species, such as 6ENJ1 firefly (Ueiola cruciata), HEIKE firefly (Luciola lateralis), North American firefly and 
Russian firefly, etc. 

|0004| Intracellular ATP can be extracted by adding an ATPoxiraciion feagentto a sample containing ceJlc andihen 
20 stirring the sample. 

To make full use of Iho capabilh'&S of lhe extraction reagent, preferably the reaction agent is added so thai the concen- 
tration of 9 surfaciam becomes 0.05% or more uf the mbcture el the salmple and the extraction reagent, However, a con- 
dition where the concentration of the surfactant is 0.05 'A or mors, this inhibits significantly the enzyme reacibn in the 
process of measuring ATP concentration by bwituminescence. Thus the sensitivity and accuracy ol measurement are 
2$ larg&fy impaired. This Is because a surfactant at such a high concentration towers lucfarase activhy. 

For example. North American firefly luciferase activity decreases to about 20% in the presence ol 0 1 % benzaltonium 
chloride (See Table t). 

[0005] On the other hand, inhibition of me biolurmnescorfl reaction can be reduced wKh a tower concentration ot 
surfactant However, in this case the extraction efficiency tor ATP would be insufficient. . 

SO [0006] A method wherein cyclodaxtrin or (is derivative is used te a Known method lor suppressing (ho inhibition ot 
lumineccenco 'oaclion by a surfactant (Japanese Patent Application I aid-Op an No. 6-504 2 00), 
Among methods for measuring intracellular ATP wherein intra cellular ATP is extracted by allowing a sample to contact 
with a surfactant and subsequently ATP is measured by lucHehn-lucif erase biolu mine scent reaction method, a method 
for measuring intracellular ATP characterized by the application of the biotuminescent reaction method after avowing a 

55 sample, from which ATP is extracted, to contact wnh cyctodextrin (Japaneso Patent Application Laid-Open Publication 
No. 7 : 203995) is also known, 

[0007] There has been no attempt so far to suppress the inhibition of biotuminescsni reaction due to a surfactant 
focusing on luciferase, 

[0006] Tho purpose of the invention is to provide a novo! luciferase having anti-surfactant resistance, whose activity 
40 is nol t impaired by the presence of a surfactant at a high concentration. The other purpose ot the Invention is lo provide 
a method, comprising the steps of extracting intracellular ATP using a surfactant and measuring intracellular ATP by bio- 
luminescem reaction using a hjcrterase, which can tower the inhibition of bioluminescent reaction due to a surfactant 
without a decrease in efficiency in extracting intracellular ATP. 

[0009) In the context of this Specification, the term "suppress io used to describe significant reduction of the inh> 
45 bition of the luminescence reaction by a surfactant and the complete elimination ot this inhibition. 

Dlficfofrure of the invention 

[00 10] The present invention relates to a luciferase having anli-surfadam resistance, 
so (001 1] Trie luciferase having resistance lo a sunaciant includes a hjciferase, wherein an amino acid at tne 490-posi- 
tion. or an amino acid corresponding to the amino acid at 4S0-positirjn of GENJI lirelly or HEIKE firstly is substituted by 
an amino acid other than glutamic acid, e.g., lysine* in the amino acid sequence of a wild-type firefly luciferase. 
[0012] Further, the luciferase having resistance to a surfactant includes a polypeptide consisting ol (a) or (b): 

fa) A po ^peptide oonsisting of lha amino acid sequence shown in SEO ID NO;4, 

(b) A polypeptide comprising additions, deletions, or subciiumons of one or more ol amino acids in the polypeptide 
of (a)» and having luciferase activity resistant to a surfactant, or 
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a polypeptide consisting of (a) or (b); 

(a) A protein consisting of an amino acid sequence shown in SEO ID NOS, 

(b) A protein comprising addHions, deletions, or substitutions ol one or more ei amino acids in the polypeptide ot 
5 (a), and having luctterase activity resistant to a surfactant 

[0013J Further, the present invention roiaies lo a luceferase gene encoding ihe luciterase having resistance to a 
surfactant 

(0O14] Furthermore* the present invention relates to a recombinant vector containing the luceiferase gene encoding 

t(? ihe tucHerase having resistance to a surfactant, 

(0015] The presem invention also relates to a vansformant containing tho recombinant vector. 
fp016] In addition, the present invention jeJates to a method for producing the luciferase, comprising the steps of 
culUiring the recombinant in a medium, and collecting lucKerase with resistance to a surfactant from the culture product, 
[0017] Moreover the present invention relate* to a method for measuiing intracellular ATP, comprising the steps of 

15 a firsi siep wherein ATP extracted in Iho presence ol a surfactant from cells in a sample; a second step wherein a 
luminescence reagent containing Jucilarase is added to the extracted ATP solution so as to cause light emission: and a 
third siap wherein ihe light emission is measured, and characterized in that lucHerase having resistance to a surfactant 
is used. 

(00181 This specification encompasses the description aneVor drawings given in Japanese Pateni Application No. 
SO HOg-361022. 



Brief Description of Drawing* 
(00id3 

25 

Figure 1 shows a production processes for a mutant bciferace HlK. 

Figure 2 shows change with time of light emission from natural type lueiferase/ 

Figure 3 shows a comparative resistance against ben2alkofiom chloride of mutant luetferase. 

Figure 4 shows a comparative resistance against benwtonium chloride of mutant luciterase 

Detailed Description of the invention 

[0020] Tho present invention will now be described in detail. 



as JLuciferase having resistance to surfactant] 

10021] Uu cferase having resistance to a surfactant according to tne present invention is as described below. 
The term "having resistance TO a surfactant" corresponds lo any one of the following features, 

40 (1 ) When compared io known fucterase. the lucfaraso of the present invention leads to an increased initial amount 
of tight emitted in Tho presence of a surfactant. Here the term "compare 11 means, for example, where ihe luciferase 
ol the present invention is produced by introducing mutation into an amino acid sequence ol known lucrferase, \q 
compare light emission from lucilerasa before and after the introduction of a mutation, 

(2) When compared to known tuciferase, the lucrt erase of ihe present invention shows a gentle decrease in hs activ- 
es hy in the presence of a surfectant. 

(3) The tuoiferase of the present invention has The remaining activity of morg than &S% in ihe present of 0.4% sur- 
factant. 

(0022) Hereinafter "lucilerase having resistance to a surfactant" is referred to as "surfactant - resistant lucrterase." 

so (0023] The term "acirvffy* means the catalytic actvity of bio luminescent reaction. Further any surfactant can be 
used in the present Invention so far as u can be used in tne measurement system for irwceilutar ATP. These surfactants 
include an anionic surfactant, cationfc surtacum. amphotytic surfactant, non-ionic surfactant. A specific reagent is ber> 
zalkonium chloride or benzetonium chbride containing cjuaternary ammonium catt as a major component. 
[0024] The lucrferase ot the present invention can be prepared from lumirveccenco organs Ot luminescent organ* 

45 isms, The luminescent organisms include luminescent insects and fuminescenl bacteria, Tho luminescent insects 
include those belonging to the order Clooptora, such as ihose belonging to the tamiy tirefly and The family PyfDphorue. 
Specific examples include GENJI firefly. HElKE iliefly, Worth American firefly, Russian firefly. Pynophoms plagiophtha- 
lamus, Arachnocampa fuminosa. and Flail worm, Further the lucilerase of the present invention is obtained by cloning 
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a luciferase gene from the luminesced onanism and allowing the gene to express using an appropriate' vector - host 
system. 

[0025] Moreover, the luciferase of the present invention can tie obtained by introducing muiaiion such as additions, 
deletions, and substitutions into an ammo acid sequence of well-known luderase Well-known genetic engineering 

5 techniques can be used 10 introduce mutation into an amino acid sequence. In this case firstly, a mutation such as an 
addition* deletion, or substitution is introduced into a nucleotide sequence of a lucHerase gene derived from the above- 
mentioned luminescent organism or a well-known luciferase gene by geneiic engineering techniques so as to generate 
a mutant luciferase gene. Subsequently, the mutant gene ie incorporated into an appropriate host-vector syetem, 
thereby generaiing a recombinant microorganism. Then the recombinant microorganisms producing the luciferase of 

jo the present invention are selected by screening. The selected recombinant microorganisms are cuhured in a medium, 
Finally the luciferaso can be collected from the culture product. 

[0026] Hereinafter surfactant-resistant luciferase obtained by introduction of a mutation into an amino acid 
sequence referred to at "mutant luciferase." 

(0027] The mutant luciferase is lor example, luciferase wherein an amino acid corresponding to an amino acid at 
r$ ihe 490-po$ition ol the GENJl firefly luciferase or ihe HEIKE firefly lucrferase, is subsided by an amino acid other than 
glutamic acid m an amino acid sequence ol a wild-type firefly luciferase. The amino acid other than glutamic acid k a 
basic amino acid Specific example include lysine, arginino P and h&idine. The term "an amino acid corresponding to 
the amino acid at the 490-posilion of the GENJi or the HEIKE firefly luciferase" means an amino acid corresponding to 
the amino acid at the 490-poshion of the GEKiJt or HEIKE firefly luciferase when the determined amino acid sequence 
20 of luciferase is compared to an amino acid sequence of the GENJl or HEIKE firefly luciferase, 

I002&] Moreover, in the GENJt or HEIKE firefly lucrtetase, the amino acid at the 490-position is glutamic acid. Fur- 
ther, in North American firefly lucrferaGo, "an amino acid correspond ing to the amino acid at The 490-position of the 
GEMJi or the HBKE firefly lueiferase" corresponds to the gluiamic acid at the 487-poshion, 

(0020] More specKicaJly, the mutant luciferase is a polypeptide comprising an amino acid sequence shown in SEA 
zs ID NO:1 or 2, or said amino acid sequence wherein one or more amino acids are added, deleted or substituted 

[Method for producing mutant luciferase by genetic engineering rechnlquoe) 

[0030) A method for generating mutant luciferase by genoiic engineering techniques will now be described as IoW 

30 )0WS. 

[0031] The mutant luctferasa is produced by introducing fnuiauon such as additions, deletions, and substitutions 
into a nucleotide sequence of known luciferase and allowing an appropriate vecior*host system to exprass Ihe gene. 
[0032] The known lucHorase genes includes* but are n« limited to, a firefly luciferase gene, more specifically a wild- 
type HEIKE firelly lucKerasD gene (Japanese Patent Application Laid-Open No, 2-17 1 1fl9) and a thermostable HEIKE 
3S firefly .luciferase gene (Japanese Patent Application Laid-Open No. 6-244942). 

i) A method (or introducing mutation into a luciferase gene is, for example a method wherein the gene and a muta* 
gen are allowed to contact with each other. Specific examples of the mutagen include hydroxy kmine. nitrous acid, 
suilurous acid, and 5-bromouracil. Further, ultra violet irradiation, cassette mutagenesis, and site- directed muta- 
genesis using PCR can also be used. Furthermore, a mutant Jucefirasa gene having a mutation at a desired posi- 
tion can be generated by annealing chemically synthesized DNA. 

ii) Neat, the mutant luciferase gene is inserted into a vector DNA having such as a promoter sequence, a marker 
gene, and a replication origin, etc. thereby producing a recombinant plasmid, Any vector DNA can be used so tar 
as it can be replicated in a host cell. Examples of the vector DNA Include plasmid DMA and bacteriophage DNA. 

*J When the host cell is Escherichia coti, examples of the vector DNA include plasmid pUCi 1 9 (Taka/a Shuzo Co. , 
Ltd,), pBlueseript SK*(Stratagone)_ pMAL-C2 (NEW England Labs), pGEX-5X-1 (Pharmacia), pXal (Boehringer)! 
and pMA56 (G.Ammerer, Meth, Enzymol., 101, 192, 1983). 

iii) Subsequently, an appropriate host cell is transformed or transduced with the above recombinant pbsrmd. and 
screening is performed tor recombinant microorganisms having the ability to produce the mutam luciferase 

so' 

[0033] Any host cells including euca/yotic and prokaryotic cells can be used. The Guearyotic cells include animal 
plant; Insect, yeast cells- The prokaryotic celte include Btcterkhia co/7. Bacillus sob til/5, and AGitnomyces. The animal 
ceflc include CHO. COS. HeLa cells and cells of myeloma cell lines. The prokaryotic cells include microorganisms 
belong \o the genus Escherichia, such as Sscher/c/Ju coh JMiOl (ATCC 33876). JIW109 (produced by Takara Shuzo 
ss Co.. tra). XL1-Biue (produced by Stratagene), and H8101 (ATCC33694), 

[0034) Transformation in the present invention can be performed by ior example. D.M. Morrison's method (Moth. 
Enzymol . 68. 326-331 , 1979): Transduction can be conducted by for example B.Hohn'E method (Mel. EraymoL 66. 
299*309. 1979), Methods for purification d recombinant DNA from recombinant microorganisms include RGuerry's 
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method (JBasieriology. 116. 1064-1066. 1073), and D.aCleweir* method (J. Bacteriology, 110 667-676 1972). 
Th* nucleotide sequence of a gene inserted into the recombinant DMA can be Mm. Ined by for ^pbM»Gd- 
ben method jProc. Natl. Acad. Sci. USA. 7a. 560-564, 1977), and Dideoxy method (Proc. Nail. Acad. So. USA. 74, 
Sd$3-5467.1977). 

5 . n) The mutant luctferase of the prosem invention can be produced by cufcuring the recombinant microorganisms 
obtained m the manner described above in media. 

10035] Whan the host cell is Escherichia coff, recombinant Exof may be cultured by solid culture methods, prefer- 

10 ably liquid culture methods. 

' A culture medium of in* present invention contains one or mora nitrogen sources, such as yeast extract, tryptone, por> 
tone meal extract, com steep liquor or exudate ol soy bean or wheat bran, to which one or more ol Inorganic sails, such 
as sodium chloride, potassium phosphate, dipoiassium phosphate, magnesium sulfate, magnesium chloride, tome 
chloride, tefric sulfate or manganese sulfate are added If necessary sugar and vii amins are added to this medium. Fur- 

15 thor the initial P H ol the medium is preferably adjusted within pH 7 to 9. Moreover the culture is performed at a temper- 
ature within 30-C to **C, preferably at around 37-C tor 3 to 2* hours, preferably lor 5 to fi hours. Preferable culture 
methods include aeration-agitation submerged culture, shaking culture, and static culture 

[003Q To recover mutant luciierase from ih* culture product after the completion of cubing recombinant EcoA, 
siandard means for collecting enzymes can be employed. That is. the culture product is centrifuged to obtain cells. 
Then the cells are disrupted by treatment with rylie enzymes, euth at V"*y m », ulVacoiwation, or milting fused pro- 
tein is discharged out or the cell. Subsequently insoluble substances are removed by Nation or cerrtrif ugation, so that 
a crude enzyme solution containing mutant luciterase can be obtained. 

[0037] In the present invention the above crude en2yme solution can be used as auihenc protein matter, or alter- 
natively it can further be purified to higher purity by standard protein pi) rtTiraiion techniques. These techniques including 
sulfate salting am, organic solvent precipitation, ion exchange chromatography, hydrophobic chromatography, gel filtra- 
tion chromatography adsorption chromatography, affinity chromatography, and elect ropnoresis can be used solely or in 

combination. . 
J0MBJ The use o1 surfactant-resistant lueffera&ft ot the present invention allows the addition of a surfactant at a high 

concentration in iho extraction process for intracellular ATP. 

Jo : 

(Detedion of intracellular ATP of the present Invention) 

10039) Detection of intracellular ATP of the present invention will be descrfoed as follows, 

u ' i) First, ATP extraction reagent containing surfactant as an effective component is added to a sample containing 
cells so as to extract intracellular ATP out ot the cells. The term \:elte h refers to the cells derived from animal, piara, 
microorganism (e.g., yeasts, mold, fungi, bacteria, actinomyws, unicellular algae, viruses, and protozoa). 

Any sample can be used so far as it contains the above cells. These samples include, but are not limited to. 
• foods and drinks, pharmaceuticals, cosmetics, seawaier, river water, industrial water, sewage, soil, urine, feces. 

40 blood, sputum, pus. and culture product of the above celts. A sample solution can also be prepared by suspendi^ 
these samples in an appropriate sotvent, such as distilled water, physiological salin©. phosphoric acid butter. Trie 
butter, or sodium acetate buffer. When a fluid specimen contains solids, the iluid specimen ic suspended in an 
appropriate solvent or homogenized using a mixer so that it can be hanrited in ihe same manner afi that in liquid 
form, 

4$ A sample of a filter membrane can also be prepared by fiHering the above sample in liquid form through a 

hydrophilic or hydrophobic finer membrane, The hydrophilic or hydrophobic litter membrane by which cells are cap- 
lured can be used as a sample. In such a case, a film* or sbeewype hydrophilic filter membrane made of 
hydrophilic polylciraltuoroeihyiene. tydrophllic poryvinylttenelluoride, bydrophik polyamide. acetyfceHulose. and 
nitrocellulose, etc , can be used, Hydrophobic titter membranes made of PVDF (polyvinylidenefluoride), PTFE (pot- 
50 ytorafluoroelhytene), and PE (polyethylene) etc., can be used. 

Surfactants include anionic surfactants, caiionic surfactants. amphoVhc surfactants, and non-ionic surfactants. 
Anionic sulfactants include sodium dodecyl sulfate (SDS), lauryl potassium sulfate, sodium monolauroyl phos- 
phate, and sodium alky foenzenesul Ionic acid. Gationic surfactants include benaalkonium chloride (BAC). benzBio- 
nium chloride (BZC), celylpyridinium chloride. ceihylrrimetnylammomum bromide. and 
55 myrisryhJimethyibenzylammonium chbride. ampholyte surfactants include TwrMergant Detergent 3-OB, 3-10, 3-12, 
3-14. 3-1 6, and Togo. Finally non-ionic surfactant* include Tween 20. 60, and 60. Span 60 and 80. Triton X-45 and 
y-iOQ, potyoxyelhylene ether, and potyoxyetnylene lauryl ether. 

Any concentration ol a surfacianr can be employed so tar as it allows full e*press»on of tbe ability to oxuaet ATP, 
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Preferable concentration ol a surfactant is 0.05% or more or the mixture of a cample and ATP extraction reagent 
A sample and ATP extraction reagem are eomacted with from each other at room temperature or with heating. 

it) After ATP extraction, fciolumineseeni reagent is added to the sample containing surtactanWesislarrt tucilorass so 
5 as to causa emission. Then Ihc light emission is measured 

Whan surfactant-rosifitant lucrferase is derived tram a firefly, the bioluminescern reagents are those containing 
eg,, the loHowing components (a) to (c), 

(a) surfactant- resistant bcita/aso 
i0 > (b) luciferin 

(C) magnesium ions or other melal ions 

Funher in addition to the above components, subsiances invoking pH preparation Or improved shelf He may 
be added. Such subsiances include EOTA 2Na. dithiothreitot, ammonium sulfele, sucrose, 2-morcaptoethanol, 
}S HEP&S, Tr icine, and Tris. 

ili) The amount ol light emitted by the addition ol a bio luminescent reagent can be measured by a luminometer such 
as a lumiteeter K-1 00 produced by KiWcomar* Corporation, a luminescence reader BLR-201 produced by Aloka 
Co. .Ltd (an improved type, or a Lumal 189501 produced by Berthott When a liner membrane by which cells are 
zo captured is used as a sample, the cells can be counted using a hioiu mine seem Image analysis system device to 
photograph spots on the tiher membrane. Such a device is ARGUS-SO/CL [with taper liber: produced by Hama- 
matsu Photonics K.K.). 

[0040] The preseni invention will now be described in detail by the use of examples. 
is (0041] However the technical field oJ the preseni invention is not limited by these examples. 

Example 1 Surfactant resistance of natural type luctferase derived from various flr» fly species, 

(Method of preparing wiJd type lucHerase (ksrwo^ from various firefly species) 

JO 

|0042] Lucrferase derived from GEN JJ and HEiKE fireflies wafi prepared according to the following methods, 1 mM 
ethylene diaminM-^ceiate-2-sodium and 2mM phenylmeihyisuHbnylfluoride were added io 25mM TfJs (hydroxy) ami- 
nomeihanehydrochloric acid butter. Further ammonium sulfate was added 1o this solution so as la achieve 1 0% satura- 
tion. Tail portions of the various firefly species were added to this miwur* at pH 7.8, and than disrupted using Hiskotoron 
*s (produced by NbhionrikakikaiseisaKu&ho) . The resulting solution was cemrifuged ai 12.000 rp,m, tor 20 minutes to 
obtain supernaiants as starting materials (or purification, The purification was conducted by the process comprising 
salting out of ammonium sulfate; Uhrogei Ac A34 (produced by LKB) column, and nydrcxy-apathe HPLC (produced 
byTCSHOH. TSK gel HA-10G0) column. Finally an elecirophoreticalV homogenous sample was obtained. In addition 
the lucHerase derived from North American firefly is a commercial product (Sigma. L-9506), 

(Method of dete/ mining luc if erase activity) 

(0003) A Juciferase sample was properly diluted using enzymevdiluted solution (1mM EDTA. t mM 2-mercaptoetha- 
noi. l % BSA, 50mM HEPES, (pH7.5)). To 100 ui of this solution, 1 00 M l oi subslrate solution (1,4mM luciferin, 40mM 
« ATP. 300mM MgSD* 7H a O t 50mM HEP£S, (pH 7 5)) was added. 

The light emission was measured using BlE-201 Luminescence roader (produced by Aloka Co Ltd) underthe follow- 
ing conditions, 

Measuring range: x100 
So Numerical value displayed: «l 000 
Measuring temperature: 30°C 
Measuring time: 20 seconds 

(mega bght unii) /ml is a value for aeiivfry when ihe measured value under these condtfons was t 
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(Method of determining surfactant-resistance) 

J00A5] Enzyme samples wane obtained by preparing !u cite fas & samples derived Irom various lir&fty species using 
enzyme-diluted solution (ImM EDTA. imM 2-mercaptoeihonoJ, 5% glycerol, 60mM HEPES, (pM7.5)) to achieve 0.5 
5 MliU/ml concentration, 

. [0046] 50^1 of 0,4% benzalkonium chloride (25mM Tncine at pH 7-75) and then 50 u.1 of the enzyme sample ware 
added to 100 u.1 of substrate solution (4mM ATP, 0.4mM luc&erin, 10mM magnesium sulfate. 50mM HEPES (pH 75)). 
After the solution was siirred tor S seconds, the tight emission was measured every second using BerthoW Lumai LB- 
9501 for 1 minute. 

10 [0067] Figure 2 shows, ihe results. Algng the venical axis in this figure, the relative rank* of the light emission was 
plotted with the initial amount of light emMed considered to be 100% upon use of 25mM Tricine (pH 7J5) instead of 
0.4% benzalkonium chloride, 

[00O8] As shown in these results. Norih American firefly Iuciferase was tow in the initial light emission and the light 
emission decay ad rapidly. This was caused by the tow surfactant-resistance of the North American firefly Iuciferase. 

75 This can lead to low sensitivity and accuracy in measuring such values. On the other hand GENJI fireity Iuciferase 
showed an initial light emission higher than that ol North American firefly Iuciferase. t hat is. GENJI firefly hicifarase was 
shown 10 have a surfactant resistance superior to Thai of North American firefly lucileraSQ. Furthermore, HElKE firefly 
iuciferase showed an initial tight emission highenhan thai of GENJI firefly lucifeias© and the emission decayed slowly. 
Therefore, HElKE firefly Iuciferase has good surfactant resistance, superior to that of GENJI firefly Iuciferase. These 

so results suggest thai the degree of surfactant resistance of Iuciferase varies according to the firefly species. 

Example 2 Preparation of mutant Iuciferase HLK and H\K 
' 10049] Two lypes of muiam Iuciferase (named "HLK" and "HIK") were prepared according to the following methods, 

25 

(Production of a gene encoding mutant iuciferase HLK) 

[0050] A mutani Iuciferase gene was produced by site-directed mutagenesis using PCR, A plasmid pHU7-2l7Leu 
described in Japanese Patent Application Laid-Open No. S-244&42 was used as a template for PCR reaction, The 

30 pH U7-21 7Lei> was a recombinant plasmid prepared by inserting a thermostable HElKE firefly lucHerase gene, in which 
an amino acid corresponding to Ala at ihe 217-position was substituted for a Leu-encoding gene, into a pla&mid 
pUCll9 In addition. E, coli JM101, to which the recombinarA plasmid pHU7-2l7Leu had been introduced, has been 
named E.coli JM1 01 (pHU7-21 7Leu) And was deposed on April 22, 1992 as FERM BP- 3340 with the National Institute 
of Bioscience and Human-Technology, Agency of Industrial Science and Technology (1 -3, Higashi 1 -chome; TsuKuba- 

3£ shi, Ibaraki-ken. Japan), 

|0051) The primer for PCR reaction was an oljgonueehido having a nucleotide sequence shown in SEQ ID Not 1 or 
2, The DNA polymerase was a KOD dash polymerase (produced by TOYOBO). A PCR reaction cycle (94°C for 30 sec- 
onds. 50*C for 2 seconds, and 74°C for 3 minutes) was repeated for 30 times according to the examples attached to 
KOD dash polymerase. The PCR product was ligaled into a circular recombinant plasmid pHULK using standard teclv 
*q- niques. 

[0052] Sequencing of a mutant lucrferase gene contained in ihe pHUlK was performed. 
[Q0&3] Reaction was conducted using a Diprimar Taq Sequencing Kit (produced by Applied Biosy&tems), Then the 
efeirophoretlc analysis was performed using ABI 373A DNA sequencer (produced by Applied Biosystems), The entire 
nucleotide sequence of the obtained mutant lucforase gone is shown in SEO ID NO: 3, and the amino acid sequence 

45 of a polypeptide encoded by this gene is shown in SEO ID NO: 4. In tho mutant lucrferase gene, the genetic portion 
corresponding to alanine at the 217-po$it»on of wild type HElKE firefly lucrferase was substituted by a gene encoding 
leucine t the genetic portion corresponding to glutamic acid at the 490-postoon of the same was substituted by a gene 
encoding lysine. The pHULK-irnroduced E.coli JM 109 strain was named E.coli JM1 09 (pHLtLK) (see Figure i ). E. coli 
JM109 (pHULK) was deposited as FERM BP-£1 47 on October 16, 1997) with the National Institute of Bioscience and 

so Human-Technology, Agency of industrial Science and Technology. Japan. 

|005d) The polypeptide shown in SEQ ID NO.4 was named the mutant Iuciferase HLK, 

[Preparation of gene encoding mutant Iuciferase MiK) 

SS J0055J A mutant tucilerase gene was prepared using the plasmid pHLJ7-2 17lle described in Japanese Patent Appli- 
cation Laid-open Na 5-244942. The plasmid pHU7-2i7lte was a recombinant plasmid prepared by inserting a ther- 
mostable HElKE firetly Iuciferase gene, in wnich an amino acid corresponding to Ala at the 217-position was substituted 
lor a lie-encoding gene, into a plasmid pUCl 19. The transformant strain obtained using this plasmid was deposited on 
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April 22, 1 992 as FERM BP- 3 641 with the National Jn&iiuiw ol Bioscience and Human-Technology. Agency ol Industrial 
Science and Technology, Japan. 

[00561 About a 5S0bp fragment obtained by cutting the pHLfLK wan EcuRV and Nart was obtained by agarose gel 
electrophoresis. Than the fragment was inserted into the pHLf7-2i7He treated whh ihe same restriction enzymes. 
$ I0057]; The resulting recombinant piasmid has been named pHUlK and the ptesmid- introduced £ coli JM1 09 strain 
has been named E.coli JMi09 (pHLflK) 

E.cofi JM109 (pHLflK) was deposited on October 16, 1997 as FERM.BP-6U6 with the National Institute ol Bioscience 
and Human-Tochnology. Agency ol Industrial Science and Technology. Japan. 

[0058] The entire nucleotide sequence ol the mutant luriferase gena contained in the pHUlK is shown in SEO ID 
i* NO; 5. and the amino acid sequence oi a polypeptide encoded by this gene is shown in SEO ID NO: 6, In the mutant 
tucferase gene* the genetic portion corresponding to Alanine at tho 21 7-posiiion of wild-typo HEIKE firefly luciferase 
was substituted by a gene encoding isoleucine, the genetic portion corresponding to glutamic acid ai the 490-position 
of the same was substituted by a gene encoding lysine (see Rg, 1). 
[0^56] a polypeptide shown in SEO ID NO 6 was named the mutant HIK firefly, 

r$ 

Example 3 Preparation of mutant )uclferase HLK and HIK 

[0060] E.coli JM109 (pHULK) and E.coli JM109 (pHLflK) were inoculated on LB media (1 % Bacto-trypton (W/V), 
0.5% yeast extract (W/V). 0.5% NaCI (W/V), anipicillin (50 >ig/ml), ^A% agar (W/V)) t each containing ampicillin, and 
2a cultured at 37°C for 1 & hours. Tho resulting culture fluid was centrifuged at 6000 r.p, m. for 1 0 minutes. The precipitated 
cells were suspended in 0.1 M potassium phosphate buffer at pH 7.4 (0.1M ammonium sulfate. 1mM EDTA) were dis- 
rupied by uttrasonication. 

I00S1] Next, crude enzyme solution was obtained by canuifugation at 12000 r.p.m, for 10 minutes The obtained 
enzyme solution was purified using the abovo purification techniques such that it becomes an etectrophoreticauy 
25 homogenous sample. 

Example 4 Surfactant resistance or mutant ludterase HUK end HIK 

(Charges emission with time) 

30 

|O062} To compare surfactant resistance of mutant luciferase with that of known lucileiase, changes in omission 
with timo wens measured according to the afore mentioned methods of measuring surfactant resistance. Figure 3 shows 
the results obtained by the use ol 0,4% benzalKonium chloride (25mM Tricine (pH 7.75)). Figure 4 shows the results 
obtained by the use of 0.8% henzathonium chloride (25mM T/icina (pH 7.75)). 

as J0063) "HEIKE I mutant" in this figure is thermostable HEIKE firefly luciferase (described in Japanese Patent Appli- 
cation Laid-Open No. 6-244942) wherein Ala ar. the 217-position of wild-type HEIKE firefly luciferase is substituted for 
lie. "HEIKE L mutant" is thermostable HEIKE firefly lucileiase (Japanese Patent Application Uid-Open No. 5-244942) 
wherein Ala at the 21 7 posrtbn ol wild-type H&KE luciferase is substituted by Leu- 'HIK" is a mutant wherein Glu at the 
490-poshion of HEIKE I mutant is substituted by Lys. that is. the mutant lurifarase HIK prepared in Example 3. "HLK" is 

*o a mutant wherein Glu at the 490-poshion of HEIKE L mutant is substituted ty Lys. that is, the mutant luciferase HLK 
prepared in Exampto 3, 

J0064] As can be seen in Fig, 3 which shows the results lor benzaBconium chloride, the emission of HIK decayed 
more slowly than that of the HEIKE I mutant. Comparison of HLK and HEIKE L mutant reveals thai HLK had initial light 
emission improved by about 20%, and slower decay in ihe tight emission. 
*$ Therefore, the substitution of an amino acid at the 490-position 'e&ulted in improved surfactant-resistance of a luci- 
ferase. 

t0Oe$} As shown in Fg. 4 which show* the results obtained by the use of beraothonium chloride, HIK showed 
decay in emission more slowly than that of HEIKE I mutant. Further HLK showed slowor decay in light emission than 
that of HEIKE L mutant Therefore, ihe substitution of an amino acid at the 490-posiijon resulted in Improved surfactant 
so resistance 

(Comparison of emission rale) 

[00S6] The influence o' the enzyme solution, substrate solution and benzalkorvum chloride used when measuring 
55 change with time, on the measurement values taken under actual emission measurement conditions., was examined. 
Table i shows the light emission measured using BoithoW Lumat LB-S501 under measuring conditions (5 seconds of 
waiting lime, 3 seconds of measuring lime). 

In addition, the emission rate (remaining activity) wac calculated by dividing the light emission measured in the pres- 
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erwie of 0.4% benzaikonium chloride by a control value. Hen? the control value was the Ifcht emission upon use of 2SmM 
Truiine at pH 7?£ instead of 0.4% benzalkoniurn chloride. 



Table 1 



Luciferase lype 


Light emission (RLU) 


Emission rate (%) 




WHhoul exl faction rea- 
gent 


With extraction reagent 




Monh American firefly 


4525B3 


97700 


21,6 


GENJI firefly 


409406 


167805 


41.0 


HBKE firerWy 


425792 


324724 


76.3 


HEIKE f mutant 


422269 


341 03$ 


£0.5 


HEIKE L mutant 


42372ft 


343634 


61.1 


HlK 


386429 


345159 


69.3 


HLK 


390269 


396764 


1017 



20 

[0067] North American firefly lucHerase showed an emission rale as low as 21 .6%. suggesting a large decrease in 
eeneitrvrty. On the other hand. Ihe emission rales For GEM J I and HEJKE firefly lucrferase were 41,0% and 76,3%, 
respectively, suggesting that the- sensitivity of these lirefly iueHerases were loss affected than that of North American 
firefly luciferase. 

ss J0O68} The emission rate for mutant luciferase HlK and HLK wore 89,3% and 101 .7%, respectively. These rates 
were tar greater than those of wild-typa HEIKE lirefly lucrterase andTiwrmostablo HEIKE lirefly luciferase. Particularly 
the emission rate of HLK was almost 100%. That is. HLK can yield the same light emission regardless of the presence 
or absence of a surfactant. There tore. Ihe sensiwtry of HLK b totally unaffected by the use of a surfactant, allowing 
measurement with high accuracy. 

(Comparison of 1C50) 

[0069] BenzalKonium chlorido and various fuciterases were contacted with each other for 10 minutes. Then the 
benraJkonium chloride concentration (IC50), at which activity is inactivated by 50% was determined. Equal amounts of 
55 luciferase solution prepared ar this concentration and 0.01 to 0,1% benzaftonium chloride wer© mixed, and then 
allowed <o stand for 10 minutes at room lemperaiur©, Subsequently. 100 nl of substrate solution was added lothe mix- 
twre. Immediately aJler addition, ihe light emission was measured using Berthold Lumal LB-9501. IC50s. obtained were 
1 as shown in Table 2 

Table 2 



IC50 for various luciferase 


LucHerase lype 


10501%) 


North American firefly 


0.014 


GENJI firefly luciferase 


0.016 


H&KE firefly ludfo we 


0.026 


HEIKE 1 mutant 


0.028 


HEIKE L mutant 


0.026 


HlK 


0.032 


HLK 


0.035 



[0070] North American firefly luciferase showed The lowest iC M among the three types of wikMype luciferase That 
is. North American firoijy lucrtarase was shown to have the lowest resistance to a surfactant. HEJKE firefly luciferase 
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showed the highest JC^ among the wfld^type luciferase. HLK and HIK showed IC 50 higher than ihose ol wild-type 
HEIK6 firefly luciferase and thermostable HEtKE firefly luciferas©. suggesting tfiat the resistance was improved by the 
substitution or an amine acid at ihe 490-posfrioa 

[0071] Especially HUC shewed IC5& higher than thai of HIK. indicating thai HLK possesses the best surfactant- 
5 resistance. 

Example 5 Method for measuring intracellular ATP 

10072] KleKi, a method for measuring intracellular ATP using The surfactant-rosistant luciferase of the present in vo ri- 
te lion will b& described, 

[0073] A standard technique used heroin was TCA extraction method whoreih intracellular ATP is extracted using 
trichloroacetic acid (TCA) and the amount ol ATP extracted is measured using lucHenn-lucifera&e iu mine scene© raao- 
lion. TCA extraction method is excellem in extraction efficiency, Furihar in TCA extraction method no inhibition ot lumi- 
nescence reunion is caused by TCA because emission is measured aftenhe sample containing TCA is diluted 1 100. 
*$ Because of the dilution, however. TCA attraction method is complicated and can causa a decrease in tha measuring 
sensitivity. 

1. Materials 

so (0074] 

(1) Surfactant 

Bbnzalkonium chloride (BAQ Japanese Pharmacopoeia) was used, ATP exiratlion reagent was prepared by dis- 
solving this surfactant at 0.25% concentration into 25mMTricine (pH 7,75). 
£5 (2) Microorganism* 

Four strains, Escherichia coil (ATCC 25922), Swphylococcus aureus (ATCC 25923)* P&sudomon^t aeruginosa 
(ATCC 27653) and Enwrococcus foecaHs (ATCC 2S21Z) were used. 

(3) Preparation of samples 

In standard tochnicjues. a sample, undiluted solution, was prepared by cuKuring Ihe proscribed microorganisms on 
$0 a normal broth medium (produced by Eiken chemical Co., Lid) at 35 B C overnight. In the method of the present 
invention, a sample diluted solution was prepared by diluting an undiluted solution of the culture fluid to 1 :i 00 with 
sterile water. 

(4) LucHerase 

Surfactant-resistant, luciferase of the present insertion were HIK and HLK. Control surfactant-resistant luciferase 
3S lypes were known luciferase (North American tireHy Jvcife*aso» GENJI firefly luciferase, H£lKE firefly Wlerase, 
HE IKE I muiant, and HEiKE L mutant). 

(5) Luminescence reagent 

luminescence reagent was prepared by adding various luciferase to solution containing O.lSmM tociforin, 6mM 
EDTA. l5mM magnesium acetate, 0-2mM diihiothrehol. 0.5% BSA and 25mM HEPES (pH 7,75). 

40 

[0075] The amount of JucHorase to be added was prepared such that the light emission produced when 1 00 iiJ oi 
2x1 O^ 1 M ATP standard solution was added to 100 )*l of the luminescence reagont would be the same amount of the 
light emission produced when a luminescence reagent attached to Ludferasa LU (Kikkoman Corporation) was used. 

45 2. Method fgr measuring intracellular ATP 

[D076] 

( ; i ) Method ot the present invention 
so ATP ext radio n reagent 1 DO pi was added to 1 00 ul of a sampli The solution was allowed to stand for 20 seconds 
at room temperature. Then 100 at of the luminescence reagent was added to this solution. Immediately afiar addi- 
tion, the light emission was measured using Lumat LB-95G1 produced by Boflhoid, 

(2) Standard technique 

1 0 % trichtoro acetate solution 100 w) was added to 100 pi of a sample and the solution was allowed to stand tor t 
ss minute. 25 mM Tricing (pH 7 7S) 9.8ml was added to this extract, and then the extract was well stiried. 25 mM TrW 
Cine (pH 7,75) and 1 00 uJ of a luminescence reagent attached to ChackU* LU (produced by Kflikoman Corpora- 
tion) were added to 1 00 1 of the sample, Immediately after addition, the light omission was measured using lumat 
LB-9501 produced by Berthold, 
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3, Results 

[0077| Tables 3 and 4 sho* the resurts. The relal'we ratio of the light emissions obtained by iho use of ihe amines* 
certce reagenis using various h/cfterase types is also shown in these tables. Here the fight emission obtained by lb© 
s standard technique fTCA extraction method) was defined as 100%* 



Tabto 3 



is 



Detection of intracellular ATP 




E coli ATCC25922 




S,aureus ATCC 25923 






Measured value (RLU) 


Relative ratio (%) 


Measured value(RLU) 


Relative ratio (%) 


Standard technique 
(TCA extraction 
meinod) 


132794 


(100.0) 


130220 


(100.0) 


^onh American tiretfy 


153 


(0.1) 


163 


(o.n 


GENJl firefly lucJ- 
ferase 


463 


(0.3) 


659 


(0.5) 


HEtKE foefly Juc'- 
/erase 


76062 


(57.3) 


74019 


(56.8) 


HEIKE 1 mutant 


47665 


(35,9) 


50031 


(364) 


HEIKE L mutant 


46217 


(34.fi) 


51243 


(39.4) 


HJK 


97073 


(73,1) 


76533 


(58-8) 


HLK 


&7981 


(66.3) 


72162 


(5S.4) 



Tabte4 



Detection of intracellular ATP 


(yleasuring method 


Raeruginosa ATCC 
27853 




E.faecalis ATCC 29212 






Measured valua(RUJ) 


Relative ratio [%) 


Measured vaJoe(RlU) 


Relative ratio (%) 


Standard technique 
(TCA extraction 
method) 


168141 


(100,0) 


12427 


(100.0) 


North American lirotly 


553 


(0.3) 


113 


(0.1) 


GENJ1 firefly hici- 
ferasa 


1503 


(0.*) 


163 


(1.3) 


H£lKE firefly luci- 
f erase 


117096 


(69.6) 


8132 


(65.4) 


HCIKE I mutant 


80455 


(47.8) 


4586 


(36.9) 


HQ KEL mutant 


81069 


(48.2) 


4762 


(38,3) 


NIK 


131134 


(7fi.0) 


7914 


(63.7) 


HU 


131615 


(78.4) 7998 


(64,4) 



55 

10D7B) Mo em £s ion was observed for the luminescence reagent containing North American firstly lucrterase, 
GENJ1 firefly luefofese show d weak ©missipa Thfc is because the rucilerase itself was devitalized by the surfactant. 
Therefore, k was shown that the surfactant at high concentration eucn as was used in this examination cannot ba used 
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as an ATP extraction reagent for jh» tueHeraso. 

J0079J Unlike North American firefly lucilerase and GENJl fira«ry tocfforaso, HEIKE firefly luciferase showed ©mis. 
son 60 to 70V* of thai in TCA extraction method. HEIKE f'nefty ludfwase was shown to possess surfactant-resistance 
h^harrhan those crt No*th American firefly lucifenjao and GEM firefly luctferase. 
5 L^hi emissions from HEIKE L mutant, and HEIKE ) mutaryi which is thermostable HEIKE tirefty Hwfarase 

were 6ach equivalent to around 40% of thai in TCA extraction method, and large)/ fewer than that of wild-type HEIKE 
firefly Jutif erase. 

I00B1] Each of the fighr omission from HlK and HLK. which is surfactant-resistant lucilerase of the preeent inven- 
tion, respectively was more intense than that from wiJd : type HEIKE JucHerase and thermostable iuciferase. Further the 
to light emission in this case was equ(va,*em to 60 to 60% of that wt TCA wtracCon method. 

(0062] HlK and HLK are mutants wherein Glu al the 490*poshion of HEIKE I and HEiKE L mutants are substituted 
for Lys, respeciwety. That is. the introduction of said mutation into the amino acid at the 490-po^ion improved resist- 
ance \q a suflactaw The serenity of HlK and HLK Is less affected by ATP extraction reagent oven at such a h^h con- 
centration employed in this examination, suggesting me use of HlK and HLK enable highly accurate measurement 

is 

Industrial Applicability 

[OOA^l The use of a novel swfactant-resisiart luciterase according to tha present invention for measuring intracel- 
lular ATP allows the detection without a decrease in luciferase activity even in the presence of a surfactant at a high con- 
zo centration, 

{0084} AH publications, patents and patent applications cited herein are incorporated herein by reference in their 
entirety. 

Sequence Listing Free Text 
[00B5] 

SEOjlONO;! ; A synthetic DN A 
SEO|IDNO:2: A synthetic ONA 
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5 ! 

<130> UJCIPKJLA£B AND KfiTBOO POl ASfiAXXJSO DJTllACCLL'OLftR ATS 
BY TOXSO THE SATO 

<130> AHH/FP5*fim* 

IC <HO> BP 9996153). 2 

! <141> 13*«->2-24 

; <151> 1999-12-24 

1S <150> JP 361C22/1S07 

; <i6o> g 

<17&> PA dentin Vcr- 2,0 

<210> 1 
c21X> 23 
<212> DHA 

<*13> Artiticial Saq^«Ace 

<220> 

<2^3^ Synthetic EMfc 

<400> 1 

tgttgt&crt aa^augga* oat 23 



30 



40 



3& 

<e21D> 2 
<2ll> 2) 
<2l2> 

<213> Artificial Sequence 

: <220> 

<323> synthetic WK 

! *40>0* 2 

*«*gCt£CC9 gaagctcacc 43c 23 

<21Q> 3 
<:21 1> U44 

; <2i2> rwx 

<213> LucJlold lateralis 

i 

dg <220» 

^22Xp- CDS 
; <222> U).. {164*1 

<40O> } 

! Atg gaa aac atg gag *ac gat gaa ait att tat ggt cct gaa ecu 4fl 

* Het Cli» 31oa Met <*lv Aen Asp 01\1 Aim Ho Val ?yr Cly Pro Gl\j *>xo 

; 1 5 10 IS 

I t»c CCX ntc ga* 9B9 gga t« get gg* gea can ecg c^c aag tat 

55 ! 
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pKb Tyr Pro He Olu Glu Cly eer Ala Gly hX* 01 d Leu Atg Lye Tyr 

20 25 30 

atg gat cga tat gee aaa etc gga gca att get ttt act aac gca ctt 
Met Asp Arg Tyr Ala Lya L«rOi Gly Ala lie Ala Phe TLr Aa& Ala Leu 
35 40 4S 



144 



70 



acc ggt gtc gat cat acg tac gec gaa tac tea gaa aaa tea tgc cgt 
Thr Gly Val Asp Tyr Itx Tyr Ala Gin 3y* Leu olu Lya 8ex Cyo Oya 
50 55 60 



192 



eta gga. 909 get tea aag aat tat ggt ttg gtt gtt gat 39b ag& att 
liftu Gly Glu Ala Leu Lya Aen Tyr Oly LeC val val Aap Cly Arg lie 
65 70 76 60 



240 



75 



gcg tta tgc age gaa aac tgt 99a 9*4 ttc ttt att cct gto tea gec 2BB 
Ala Leu Cys Sex Glu Asn cya Glu <31y PAe Pbe lie ^ro Val Lru Ala 

B5 90 95 



£0 



ggc eta ttt at* ggt gtc ggt gcg get cca act aat gag aci cac act 

Gly Lou Ffcc tie Gly val Oly V*l Ma txo tbr An Glu He Tyr Thr 
100 10S 110 



336 



era cgt gaa teg gtt cac agt tta ggc ate CQt aag cca tea AXC gca 
Lmi Arg Oltt LeU Val His Ser L«U Gly He Sar Lya Pro Tbr lie Val 
115 120 125 



3&4 



ttt agt tct aa& aaa gga tta, gat aaa gtt ata act gta cael aaa «cg 432 
Phft Ser 6bT Lya Lya Gly Leu A0p VfO Val He Hur Vol din L/ff Hir 
130 *3S 140 



gt* act get utt aaa ace att gtt hta ttg g«c age A** gtg gat tat *»0 
Val Tfcr Ala He ny» Thx lit Val Ho Lvtt A*p Lya Tyr 
145 150 155 160 



aga ggt tat caa tec atg gac aac tct ace aaa aaa aac act eca caa 
Arg Cly Tyr aln 5«3r Wet bep Aab Phe 11 a Lya Lya Aaa Thr i>re» Gin 
165 170 115 



526 



9S 



ggt ttc aaa gga tea agt ttt aad act gu gaa get 4ac cge aaa gaa 57£ 
oay Plhe Lya Cly Ser Eer Fhe Ly« Tbr Val aln V*l Aob Arg Lyp Olu 
190 18$ 190 



40 



caa gtt get ctt at* a ^9 Aac tct tog ggt tea ace ggt ttg cca aia 
Qla VgJ Ala I^u He Het Ada Ser 5«r Gly 6«r 15ur Gly L«u Pro Lys 
195 200 205 



ggt gtg caa ctt act cat gaa aat ttg gtc act aga ttt tec cac get €72 
Gly Val CUd Ltu Ttar Uig Olu Aan Leu Val tDr Arg Phe Ser BS.0 Ala 
210 215 239 



aga 9*t cca att tat gga *ac caa gtt tea cca ggc acg get: att tta 
Axg Aop rro lie Tyr Cly Aaa <?lfr Va| Scr Pr« Gly Tax Al* 11a Lftu 
22& 230 235 240 



720 



act gca 9ta cca ttc cat cat 99c ctt ggt keg ttt act act tta ggc icb 
Tbx v«l val Fro Phe His His cly Phc Cly Mat Pita Thx Thr Leu Oly 

2«5 2$0 2S5 



tat cca act cgt ggt ttt cgt att gee atg tta aeg aaa tct gae gaa &i£ 
Tyr ueu Thr cyo Gly pftc Arg He Val net Leu Ttir Lye Phe Aap Olu 
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19 



T5 



SQ 



2eo 

gag act tct eta. 
olu Ttor P&e too 

crtt gta ccg act 
vaJl JPro Thr 
290 

aaa tAt 9*C Cta 

uya tyr Aop Leu 

tt4 tet &aa g^n. 
Lcxi Ser Lya olu 



aaa aea ctg 
Ly» rnr Leu 



ttg ttt gca 
Leu Pha Ala 

tea. aat tta 
3er Aau Lou 
310 



caa, gat tic aaa 
da Aop Tyr Lya 

280 

att ctt **t 
He- Leu Aid Arg 



9tt gal 
Val 01\» 



att 9c* 
tic Ala 

31S 



270 

tgc tea age 
Cy» £er Sar 
285 

*gt gat tt4 

5 et CCLu Lou 
300 

fcOt ggc 994 

aer oly my 



9tt ate »«« 
V41 He 



etc gax 912 
Irftu Aop 



JU* Pro 

320 



att ggc gaa. get sec get aga 
)0ta Val 



lie Gly Glu 
*2S 



gst att 

1056 
Oly Val 



ate aca 
1101 
He Thr 



era tta 
1152 
Pro Leu 
370 

99c ccg 
1200 
Gly Pro 
335 

a&a ggt 
J124B 

Lya Gly 



3*2 99t 
1296 



Cat ttc 
Hie Phe 



tat 
1J92 
Tyr Glr» 
450 

a*t «tt 



cgt caa ggc tat ggt tea aca 
Gly tyr Oly 



A*3 Clto 
340 



ccg gaa 99c gat got 

Pro Olu Oly Asp jura 
35S 

ttt aaa gca aaa gt* 

Plia LyO Ala Lya Val 
175 

aac a^a cgt 99a gaa 
Aan Axg Arg Gly Olu 

tat gca gat oat cca 
Tyr vaI jutp Aon Pro 

AOS 



Leu -XhJr 
345 

aaa OCa 

Lya Pco 
ISO 

ato gat 

lie h&p 



Ala Arg 
gaa aci 



cgt ttt aar fcta cog 
Arg Phe a^h 



«cc tct gca 
Tbr 9e? Ma 

3?0 



get tct 94c a** 
Oly Ala 



ctt gac 
LOU Aap 



gtt rgt gt* a»g 
Val cya 



gaa gca 
Clu Ala 



t33 ttg cac aca 99a gat att 
Si a Tbr Gly 



Tip Leu 
420 

Pbc lie 
13S 



Aop no 

42S 



Val Lya 

ftca aga 

Thr Arg 
410 

399 tat 
oly tyr 



Ser Oly Lya 

act aaa aaq 
Thr Lyj X^a 

ggc ccc arg 
Gly pro net 



Leu 9x0 

att att 
lie lie 

3tt gtg 
Val Vai 

ttg 
^hr Lou 

ctt ate 

UfU Met 
400 



gaa axe ^eo gat gaa 

ClU lift Jlft 



tar 9&t gaa 

Tyr Asp Giu 
430 



gtg gat egt 
V»J Acp Arg 



gta cca cct get gaa 
Vd) Pro Pro Ala Glo 

455 



ttg AAg tct ttm ate a^a tac 

LC>1 Lya Sar Ley He LyO Tyr 
OO us 

tta gaa tct gtt ctt tt9 OA 

LCU Olu Ser Val Lett Leu Gin 
460 



9«« aaa 

Olu Lya 

aaa gga 
Lya Oly 

cat cea 
Hie Pro 



ttt gat gec 99c gtt get gg c Cc4 ^ at ceC ^ ^ t 
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ton lift Fhe Aap Ala aly V*l Ala Gly Val Pro Asp Pro lie Ala Gly 
465 ilO 475 480 

$ $ag ott ceg gga gcc get get gU ctt «*g *** gg* aaa tec atg act 

1488 

Glu Leu Pro Gly Ala Val v d ) val Leo Ly* ly* Gly Lya Ser Thr 
j 165 4SQ 495 

| gaat aa* 9aa gta atg gat c&c gtt get agt ca* gtt tea aat sea aa* 

1536 

Glu Ly* Gly Vul «ct Asp tyx Val Ala. 6cr Gla Val Per A<m Ala Lyy 
BOO 505 510 



75 



20 



2S 



99 



#0 



45 



cgt ttg cgt ggt ggt gtc cgt Lit gtg g*« g&& gca cct aaa ggt etc 

15 ft4 

Arg fcfcu Arg Gly CLy Val Arg Pb« Val Aap Glu val Pro Lya Gly Leu 
515 52ft £25 

act ygt aaa ate gac ggt a* a gca act aga g&* at* ctg ^9 «ba cca 
1632 

Thr Gly tye He Asp Gly l>y» Ma II* Arg Glu lie Lcu Ly* tye Pro 
530 5)5 54ft 

gtc get aag atg 
1644 

Val Ala I/ya Met 

S4S 



«210> 4 

; <212> PRT 

<213> tuciola lateralle 
I <400> 4 

Met oli* A*n fcer Ola AAA Aftp Glu Ann He VaX Tyx aly Pro Olu pro 
1 5 10 15 

Phc Tyr Pro He Glu Glu Gly Ser AIq Oly Ala Gin Lau Axg I*y« Tyr 
20 25 30 

»tet Afip Arg Tyr Ala Lye Lou Gly Ala ll* Ala phe Thr Ann Ala Lcu 

; H 40 4S 

! Thr Gly Val Ajap Tyr Thr Tyr Ala Glu Tyr Leu Glu Lys fler Oya cya 

; 50 55 60 

Ixsu Oly Glu Ala l*eu Lye Aon Tyr Gly Xjn Val VaI Hop Gly Arg lie 
: 70 75 DO 

Al* Leu eye ficr Glu Aan cya Glu Glu Phe Phe lie Tru Val Leu Ala 
as 30 35 

■ 

Gly L*u Phe lie Gly Val Oly val Ala Pro Thr Aon Glu He Tyx Thr 
; loo 105 110 

ten a*9 Glu l-eu val Hie 5er Leu Gly He $er fcys Pro Thr He Val 
115 1*0 125 

! Pbc Ser 3cr tyrs I*y* Gly Leu A*p Lya Val 11* Jfcr Val Gin Lya Thr 

116 135 140 



ss 



I 

i 
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\>*1 Thr AU lie Lye Thr lie v*l He Leu Aop Ser Lye v»l Aftp Tyr 
145 150 155 

<- ^ oly tyr Gin Scr Met Aap Aon Phfc ll« ljy» hya ABti Tbr pro Gift 

: i«s i7o 173 

Gly Pbft Ly* Gly Ser Ser PhC Lye Thr Vol 01* VAl A«l Arg Lya GlXk 
190 1»S 190 

to Oln val Ala Leu lie Met Aon ftcr e«r Oly flex Thr Oly Leu bro 

1»S 200 205 

Gly Val Gin Lev Thr kU aid Ann Leu Val Ifhr jyrg £he So* His Aid 
2lO 215 2^0 

j5 ! Axg Asp Pro IX« Tyr Oly Afrh Gin V«l Sox Pro Oly Thr Ala He Leu 

! 225 MO 23S 24 D 

Thx v«l V*l Prp Pha Hio Hlo Gly Phe Cly Met ?b« Thr Thr Lett Gly 
245 250 255 

49 iy r l*u Thr Cy B nl Y p * e H* Val net Leu Thr Lya Phc Aft? Glu 

260 265 3>0 

OIm Tbr Phe Leu Lya Thr Leu Gift Aep Tyr Ity* Cye Bex Set VAl lie 

j 275 30Q IBS 

^ Lou Val Pro TKr Leu Phc Alft lie L©U Aen AXO. S«r Glu Leal Leu Asp 

290 2»5 300 

Ly» Tyr A»p ser ash Leu val Giv lie Aim cer aly Gly Aid Par* 

30S 310 31* 

?0 Lmi 3«r Ly» Glu lift Sly Qlu Ala Val Ale Are; Axg P he Ato Leu Fro 

125 ' 330 335 

, Cly Val Arg din Oly Tyr oly I*eu Thr Qlu Thr Thr 5CX Wo lie lift 

j 340 345 350 

35 He Thr Pro Cla cly A*p Aap ty» Pro Cly Ala Ser Oly ly» v«l Val 

*55 36*0 365 

fro Leu Fhe Lye Ala Lya Val lie Awp Lev A»p Thr Lys Lyii Thr Leu 

; 370 375 3*0 

so \ aly pro Asn Axg A13 Gly Gl*> Val Cya val fcye Oly Pro Met Leu Met 

305 390 396 4O0 

Lye Oly Tyr val A*p A»» Pro Glu Ai* Tnr Arg Glu lie 3la A*p Glu 

40S 410 41S 

i 

4S , fliu oly Trp Hie Thr Gly Asp lie Gly Tyr Tyr App Glu Glu Lye 

120 425 430 

Uifl Phc Pho 11* Val aftp Arg Leu LyO Sar LaU lie LyO Tyf Ly* Oly 
435 440 445 

So Tyr Gin Val Pro Pro Ala Glu Leu Olo Per Val Lbu Leu Oln Hi a Pto 

450 455 460 

! A$n lie phe Asp Ala Gly Val Ala Gly v*l pro Asp Pro He Ala Qly 

1 
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95 



465 470 



47S 4a<) 



Olu lea l»r 0 Oly Ala Val Val Val vew X.ya Lyt. aly tyo Ser fee Thr 
5 ' 485 «*0 4)S 

elu Ly B olu v«a net Aep ly* Val Ala s.r »ln v.l a« ^ Ly B 
SCO S05 • 510 

*rg leu Arg «lv Oly val Axg Phe v a i a» p 61 „ v »1 *>r© ly B oly Leu 
'* SIS 520 sas 

rtr Gly rsya lie Mp oly Ly« Ala He Arg fflu il» j** LyB lv. Pro 
5 3° 51S J 4 4 

Val Ala lya Met 

\ 

. <211> 1644 

<1U> tUkA. 

! <313> Luciola lateralis 

t 

J <220> 

<222> fl).-H$44) 
25 <400> 5 

i 2?* * >C 9 * L art *« 3t9 CftC 99 t CCt 91* cc* 

»*t QXu M» H.t Olu A«x Asp GU He v>l lyr Ily So ttu 

* 5 l0 1& 



ttL Cac cct att gaa 9*9 gga Let flCt 99A gc« c <* tt« we aaa Car 
xyr ».o 11* cm Glu oly s,t L 5 £ 2 J 3 S 

20 as ' J 



$0 



4Q 



* ™* p r ; ^t; sr, *?• tto «s 

30 

VI * 9 * I at *** ctt * ca * tc ^ tw «ct aac gc* etc 144 
Met ^ ^ lyx *l* Lyo Lfeu Gly AU IU XI. »» to i Ala £5 
35 i0 « 5 



*CC gjt 9tC Silt tat &eg CftC gec gaa c& c ttn Qia aa» n--t r rt /- 



« ; S5BESR25S3S8555S - 

. gcg t« cgc age gaa MC t , t g4a ga,, ttc ete tt 

Ala K» Cy 6 Ser 01*. A.n cy- fllu 31* A. Pbo llw ^ L^S a" 

ggt te« tte ata 95 t gtc 9gc gtg gec cea ace nt qaa att tae ^« 

105 il0 

220 US 
ttt oe, tct a** ^ a „a 9»t m 3 tt ^ aet ^ Caa aAa ^ 4 ^ 



55 
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IS 



20 



2S 



20 



40 



50 



Phe 5»r 3tr 
130 

gta act girt 
Val iHr Al* 
145 

49a ggt cut 
Arg cly Tyr 



ggc ttc aaa 
Gly Lye 



c»a gtt get 
01* val Ala 

99t gtg caa 
Oly Vftl Gla 

*ga gat cca 
Arg Aap Pro 
325 

act gca gta 
Thr Vftl Val 



tat eta act 
Tyr L«u Thr 



gag act ttt 
(31 u Tht Pbe 

275 

*tfc gta ocg 
Leu Val Pro 
290 

fcaa tat gat 
Ly» lyi Asp 
3 OS 

tea tct »a a 

160 B 

Leu Sex Lyo 



9St get ogre 

105C 

Cly Val A*g 



ate &ca ccg 

lie Thr *ro 

3S5 



Ly* Ly* Gly ju*m **p Ly* v** n c 
135 



act aa* 

lie Lya 



caa tec 

Sga tc* 
Oly 9hr 
190 

Ctt ato 
Leu lit 



ctt act 
Leu Tbr 



att tat 

I3« Tyr 



CCft etc 
Pro Pbe 
245 

Cye Gly 
260 

tW 4aa 
Lt>\i Lye 



act t&g 
Tbr Leu 



era tea 
L&v. 5<lx 



acc act gtx at* 

Thr lie Va} He 
150 

acg 94c aac ttt 
H«t A*p Aim Mfc> 



ajgt ctt aat act 
Sax Lya Thr 
195 

ate aac tct teg 
>iet Aflft Sax Ser 
200 

cat gaa aat ate 
Hia Glu AflD lie 

215 

gga aac caa gtt 
cly a** cUi val 

230 

cat cat ggt ttt 
Han Hie Sly Ph« 



ttt C0t 



aca cfcg 
Tbx Leu 



Ctt gca 
*he Ala 

aat tea 
Asn Wu 
310 



att gee 
lie Val 

caa gat 
©In Aap 

260 

att etc 
Ilea Leu 



Stt gaa 
val Glu 



tt9 gac 
L6v« Aep 

155 

att a** 

ll« Ly B 

17.0 

9ta gaa 
Val ala 



93C tea 
Oly Ser 



flttf: act 
val Tax 



tea. cca 

225 

0&t atg 
Oly Met 
250 

atg tta 
Hat Lvu 



tac aaa 

Tyr lyi 



aat zqm 
ton Acg 



»tt gca 

315 



Thr Val Ol 7) 
110 

age aaa gtg 
ser ty» val 



ala aac act 

Lye Act) THr 



9tt aac cgc 
Val A»n Arg 

190 

acc ggt ttg 
Tax cly Ipcu 
205 

a$» ttt tct 
Ar^ fhfe &er 
220 



l)»ya inr 



gat tat 
Aop Tyr 
lCo 

cc^ caa 
Pro ola 

ana gaa 

Lye aiu 



Oca aaa 
Pro lye 



eae get 
Hi« Ala 



90c a eg get 
aly tar Ala 



ttt act: act 
Thr Tbr 



gad att ggt 90a 

Olu He Gly Olu 
32S 



90c 9ftt get a?» 

Ala Val Ala Ax9 
330 



c&a 99c tac ggt tea aca ^a« tea 
Glu Thr 



Gin Cly 
340 



Tyr Cly Leu Thx 

345 



daa 99c gat gat aaa cca ggt get 

Glu 3iy Aflp Afip Lya Ptfo Gly Ala 
360 



aca aaa ttt 
"ttir Lya The 

270 

tgfe tea age 
eye Sar s*r 

*srt g*a tea 
9er Clu Leu 
300 

tct 9gc 99a 
Sex Gly cay 



4$t ctt aat 
Axg the Am 

acc tct gca 

Thr 5ar Ala 
350 

tct ggc ana 

£«V Gly Lya 
3^5 



att ct* 

240 

tta 

Leu cly 

g*c cfaa 
Asp Glu 



gtt att 
val II* 



etc gaC 
Leu Aop 



gca cct 
Ala 

120 
tta C09 
Leu pic 

ate att 
He Xle 

gtt 

Val Val 



4fi0 



S2& 



576 



C24 



672 



720 



768 



9&4 



S12 
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13 



SO 



29 



30 



55 



40 



SO 



cca tea 
1152 
Pro leu 

37a 

99C ccg 

Gly fcro 
3&S 

a*a ggt 
1248 
Lya Oly 



9**> 93* 
12« 

aiu oly 



cat etc 
Hie Phe 



tar coa 
13 &a 
Tyr oin 

450 

aat Kt 
1440 
abii lie 

46S 

gag ctt 
Glu Leu 



gaa aaa 
1536 
Gl to Lye 



cgt ttg 

1584 
A*g leu 



ctt aaa gc* aaa gtt ate gat 
Phe Lye Ala Lya Val lie Aap 

375 



ctt gat act aaa 
Leu A*p Thr Lya 

3B0 



aaa act ttg 
Lye thr Leu 



aac aga cgt gga gaa gtt tgt gta *»g 
Asa Arg Arg 



Gly (ttu Val Cy 0 
390 



V»l Lye 



tat gta gat aat cca gaa gca 

hen Pxo Olu Ala 



Tyr Vai Aap 
40S 

tgg ttg cac 

Trp Leu His 
429 



Thr cly 



gat att 

Asp He 

425 



Thr Arg 
410 

899 tat 

Cly iyr 



ggt cct atg ctt atg 

Cly Pro «ec Leu Het 
400 

gaa Ate *t a gat 

eiu lie lie Hap Gly 
415 

tae git gaa 

Tyr A*p 



ctt ate gtg gat cgt ttg aag 

Phe lie Val Anp Arg LtU Lya 
435 440 

gta oca. cct gee gaa tta g» 

v«l Pro Par© Ala Olu X-cu Glu 
455 

tec gat gec gge gtt get ggc 

Phe Aftp Ala Oly Val Ala oly 
470 

99* get gtt gtt gta ctt 
Pro Gly Ala v«a val v*l Lau 

4S5 



tec tta ate aaa 

£er Leu lie Lya 
445 

tec gtt ctt ttg 

Sex Val Leu Leu 
4£0 



9a* gta atg gat tac get get 

Aflp tyr 



Olu Val K«t 

£00 



Val Ala 
SOS 



gtt cca 
val pro 

47S 

aag aaa 

Lyo Lya 

490 

agt ca& 



gat c&t 
Aap pro 



OlV Olu Ly& 
430 

tac a a a gga 
tyr Lya oly 

cat, cat cca 
Qln H£d Pro 

ata get ggt 

He Ala Oly 
4*0 



gga aaa tec atg act 
Gly Lya 



gtc tea 
Val Ser 



cgt ggt ggt gtc cgt ctt gtg 
Val Arg 



Axg Cly Gly 

515 



a.6t ggt 
1(32 
Thr Oly 
530 

gtt get 
164* 
Val Ala 



att gac ggt aaa 
LyjJ He Asp 



Gly Lya 
535 



Phe Val 

gca att 
Ala lie 



gac gaa gta cct 



ago gaa 
Arg Olu 



val hro 

£25 

ata ctg 

12a Leu 
540 



S^t Hat Thr 

aat gca aaa 

Aan Ala Lya 

510 

aaa ggt CtC 

Lyo Gly Leu 

aag aaa cca 
Lyo Ly» Pxp 



aag btg 

Lya Hftt 
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<211> 54B 
<2l2> PRT 

<c»13> Luciola lateral in 

Met Glu Atfb »et Glu Aon A*p Olu Am He Vol Tyr Gly Pro Glu Pro 
1 * 10 15 



IS 



Pb* Tyr Pro lie Glu Glu Gly Ser Ala, oly AJa SXn Lev Aiv l»Y* Tyr 
20 ZS 30 

Mat Aop teg Tyr XI a Lya Leu Oly Al* lie Ala Phe Thr Aah Ala Lau 
35 40 4$ 

Tbr Gly Val Aap Tyr Tfcz Tyr Ala Glu iyr Leu Glu Lya S*r cy* cya 
SO SS co 

Leu Gly Glu Ala Leu Lye Aaa tyr Oly Lett V«l VaI Aop Gly Arg Xle 
65 *0 - 75 bo 

Ala Leu Cy» Ser Glu Aaa Cye Glu Glu JPfce Phe lift Pro Val L«u Ala 
OS . 90 9 S 

Gly Leu Phe Jl* Gly Val Gly Vol Ala, Pro tlir Aim Glu lie Tyr Thr 
100 10s no 

Lau Arg olu Leu Val ttia Srr Leu oly ilk 3er Lya Pro Tbr Us Val 
us oao las 

Phft Scr sex Lye Lya Gly L«u A»p Lya.val ii« Thr val Gin Lye TKr 
130 13S 140 

Val Thr Ala lie Ly H Thr lie Val XI© Ku Atp 8er Lya Val AjJt) Tvr 
"5 15 0 155 F Jo 

Arg oly Tyr Gin $er flet Aap Aa? Phe Lya Lyn Ads Thr Pro Glf> 
165 170 17S 

Gly Phe Lye Gly Car Sor Pb* Lya Tfer Val Glu Val *£n A*g Ly* Glu 
l»f 105' 190 

j Gin v»l Ala Leu He Ket Aa* s.r S*r oly S«r Tbr Gly Leu Fro Lye 

« i 195 200 305 

Oly val ex* Leu Thr HU Glv Ass II*. Val Thr Arg Phc Ser Hie Ala 
j 210 215 720 

1 X*9 Pro lie' Tyr Oly Xan Gin Val Bar Pro Gly Tbr XI a He Lev 

45 ( 230 235 210 

i vaI v*l Pro *he Hi a Me Gly Phe Gly M eC the Thr -Jto Leu Gly 

245 250 

i Tyr L*U ftr Cya Oly Phe Axg He V 4 1 >ft l*u Thr Lya P*e Aap Clu 

» ; 260 2<TS 17 o 

Glu Thr Phe Leu Lya Thr Leu Gin A*p Tyr Ly„ cys Se r Ser val lie 

275 "0 

AS : 



30 



35 
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. Leu Val pxo Thr Leu Phe Ala He leu Aeu Arg Sex Glu Leu beu Asp 

! WO 295 300 

i 

hyv xyr Asp Leu Ser Aan Leu val Olu- lie Ala Ser Gly Gly Ala Pro 

I 3D$ 310 315 320 

Leu Ser Lye Olu He Gly Glu Ala Val Ala Arg Arg phe Ann Leu Pro 
325 330 335 

Gly Val Arg Gin Gly Tyr Gly Leu Thr Olu fhr Tkr. Ser Ala He He 

340 345 350 

He Hut Pro Glu Gly Aep A»p LyB Pro Gly Ala Ser Gly Ly» Val val 

75 35S 360 365 

i / 

Pro Leu Phe Lye Ala Lya Val lift Aop Leu Asp Thr hya Lye Thr Leu 

370 375 300 

so ! Qly Pro Aim Arg Arg Gly Glu Val eye Val hy* oly Pro toet Leu Met 
j 3B5 390 39S 400 

i 

; Lya Oly Tyr Val Aep Aan Pro Glu Ala 'Thr Arg Olu He He Abp Glu 
405 410 415 

\ 

Glu Gly Trp Leu B1& Thr Gly Asp 11 e Gly Tyr Tyr Asp Glu Glu LyB 
430 425 410 

Hia Phe Phe He Val A*p Arg Leu Ly* Ser Leu tie Ly» lyr Lye Gly 

w 435 440 .445 

lyr ola Val Pro Pro Ala Glu Leu Glu Ser val Leu Leu Gin Hie pro 

450 45S 46D 

Asn He Phe Aep Ala Gly Val Ale Gly Val Pro Asp Pro He Ala Gly 
55 1 x 470 475 400 

Glu Leu Pro Gly Ala Val Val v a l Leu Lye Lye Gly Lys ser Het Thr 
: 4»5 ' 4S0 4^5 

4ff ' alu Lys Glu val Met Aop Tyr Val Ala Ser Gin Vol ser Asa Ala Lye 

SflS 510 

t 

I Arg Leu Arg Gly Gly Val Phe v«l nep Glu Val Pro Lye Gly Leu 
5 » S20 S25 

• Thr Gly Lyfl lie Asp Gly Lya Ala He Arg Glu He Leu Lye Ly* pro 
S30 535 540 



SO 



VaI Ala Lya Met 

545 



& Claims 

I 

1, Aj luefora&e having resistance to a surtaciant. 
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2/ The lucilera&e of daim 1 wherein an amino acid corresponding to lhat at the 4$0-position of lueilerase irom Genji 

j or Haike firefly is substituted by an amino acid other than glutamic acid in the amino acki sequence of firolty Jock 

; ferase. 

$ X : The* lucHer aso of claim 2 wherein The amino acid other than glutamic acid is lysine, 

i 

4.; The Juciferase of Claim 1 wherein it is: 

j (a) a polypeptide consisting of the amino acid sequence shown in S£Q I D N0;4. or 
16 ! <b) a polypeptide comprising additions* deletions or substitutions of one or more amino acids in the amino acid 
sequent* of the polypeptide defined in (a) and having tocforasa activity resistant to a surlacianv 

5J The lucifarese of claim 1 wherein it is: 

i 

is < (a) a pofypeptido consisting of the amino add sequencg shown in SEQ ID NO:6; or 

(b) a polypeptide comprising additions, deletions* or substitutions, of one or more amino acids in the pofypep- 
' tide defind to la) and having luciferaae acidity resistant lo a surfactant. 

&i A luciferase gene encoding the luciferase of any one of claim 1 to 5, 

7.' A recombinant vector comprising the lucitarase gene of. claim 6. 

' 8. ( A translormant comprising the recombinant vector of claim 7. 

i 

25 9.1 A method lor producing a luciferase wherein the method comprising euhuring the trans lorman oi claim 8 in a 

' medium and recovering the luciterase from tha resulting culture. 

1C(, A method (or measuring intracellular ATP characterized in lhat a tueiferase having resistance to a surfactant is used 
as a lucforasa for use m the method comprising a first step wherein ATP is extracted in iho presence of the sur- 
30 ( tactant Irom colls in a sample, a second stop wherein a luminescence reagent containing be if erase is added lo the 
, extracted ATP solution to cause emission of light, and a third step wherein the amouni of light emission is mgas- 
' ured. 
i 

1V The method for measuring intracellular ATP of claim 10 wherein the iucfarase having resistance to a surfactant is 
3S ' a lueaeraso of any one of claim 1 to 5. 

12. The method for measuring intracellular ATP of claim 1 Q or 1 1 wherein the light emission is caused by addition of a 
, luminescence reagent in the presence of a surfactant of 6.01% or more. 

*q t 13. The method (or measuring imraceHutar ATP of claim 10. 11 or 12 wherein the surfactant is any of a. cationic sur- 
1 taci&nv an anionic suriaetaw, a nonionic surfactant, and a ampholyte surfactant 
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Figure 1 



Nr 



pHUT7'217L«u 
(4-5kbp) 



Site-directed jnuta&snttis 



■J* P ▼ EN* « 



Z^ 1 



mmmmmm 



Nr 



pHUUC 
<f-SM»p) 




Nr 



liof 



pHLQK 



UcP vHL£7-2l7H«, 
(*-5kbp) 



Nr. 



I UL; Luciob laicnfis lociferoe cDNA, A K e -lactams g«e, LacP; £ -galactosidase 
; pJOJSolcr, M; EcoKI, KN^EeoRV, Nr,Narl 
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Figure 2 

i 



i 100 




Tin* (sec) 
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INTERNATIONAL SEARCH BJSPOOT 



X CLASSmCATJCK OP SUBJECT MATTER 

Int-Cl* C12W1S/S3, C12N9/02, C12m/S3, C12B1/2J, Cl2Ql/2< 

Aaordrng to hiaiiftiyooat ><yu QtMlfictfo <1PC) gr to btfh mtaijdui floats «d IF C 



6. rtfcUJS SEARCHED 



MinknuB doamMrtuM M*KtxJ (ctnifrdigi intern fhilntvJ fcj clwifktfini raftcfe) 

int. CI - C12H15/53, C12D9/ft2, CttHlsm, C12H3/21, C12Q1/26 



Uxamcnlilian iMidnd ctiMTtAw miirimtfg doeuinofilukb to ihe c*uak tfe»i ncft 



&W&uc4*\ t>ajc ovf%i*4 burins Ac »A!tJntli<*)iJ ••^(nm tfdtti Vu» 1*4. *Wi Mlkibls. icUtti bwib oscd> 
BIOSIS [DIALOG), JlCfif nie (JOIS>, G*ti»Bank/EK0L/w>BJ (GENOT*) 



C DOCUMENTS CONStDEMDTO BERBICVaXT 



Cuiton of doaimcnt, with i»dic»iton. «pflf opri»M t of tko rtkUvin pfttftgu 



JP, 7-2D3995, A (T03 Electronic* Ltd.)* 

* AtL*U9t, 199* (08. OB. 

Full twit ; Fig- 1 ( Fully £ nono) 

JP, 6-S042P0, A (AMCsh&m lotufcjfttatlonal PLC), 

19 M*y, 1994 (19* D£. 94), 

Full te*c ; Fig»- 1 to 20 

£ NO, 92/12253, Al £ BP, S6662S, Al 

I US, 5S5&996, A 
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